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914Outcomes for supra-aortic branch vessel stenting in
the treatment of thoracic aortic disease
Adrian O’Callaghan, MB, Tara M. Mastracci, MD, Roy K. Greenberg, MD, Matthew J. Eagleton, MD,
James Bena, MS, and Yuki Kuramochi, RN, Cleveland, Ohio
Objective: Endovascular options for the treatment of proximal thoracic and arch disease have evolved over the years.
In this manuscript, we review the midterm results of fenestrated compared with chimney conﬁgurations for proximal
aortic aneurysm disease.
Methods:We performed an analysis of all patients with chimney grafts or custom fenestrated endografts used for treatment
of proximal thoracic aneurysm disease (involving the supra-aortic trunk vessels) presenting to our institution between
2004 and 2013. Patients were identiﬁed by retrospective chart review and through the prospective database (National
Institutes of Health study number NCT00583050). Details of devices placed, intraoperative details, and measurements
from postoperative imaging were included in the analysis. The primary outcomes of interest were long-term freedom from
branch stent complications and freedom from proximal endoleak, but we also included perioperative events, in-hospital
mortality, and requirement for secondary interventions in our review. The log-rank test (Mantel-Cox) was used to
compare survival data. Student t-test (two tailed) and Fisher exact test (two tailed) were used for continuous and cate-
gorical data, respectively.
Results: Of 767 patients who underwent thoracic endovascular repair from January 2004 to February 2013, 33 satisﬁed
the inclusion criteria (4%): 18 of 33 noncustom and 15 of 33 custom graft designs. Overall, the rate of technical success
was 97%. There were four branch stent-related problems in the follow-up period, one of 15 (7%) in the custom group
and three of 18 (17%) in the noncustom group. There were three proximal sealing failures in the immediate post-
operative and follow-up period, one of 15 (7%) in the custom group and two of 18 (11%) in the noncustom group.
Overall, 10 patients underwent secondary procedures, four of 15 (27%) in the custom group and six of 18 (33%) in the
noncustom group.
Conclusions: Although they are technically feasible, both custom fenestrated endografts and chimney repairs for proximal
thoracic disease involving the supra-aortic trunk vessels suffer from failures in intermediate follow-up, with a trend
toward better long-term outcomes for custom devices. More work is needed to develop durable devices for this anatomic
territory in the future. (J Vasc Surg 2014;60:914-20.)The endovascular treatment of thoracic aneurysm
disease is superior to open repair with respect to mortality
and time to recovery.1 In some aneurysms and dissec-
tions, proximity of supra-aortic branch vessels to the
intended sealing zone complicates stent graft use. Strate-
gies for dealing with such anatomic conﬁgurations
include an open or hybrid approach, use of chimney or
snorkel stents, and incorporation of branches and fenes-
trations or scallops in the thoracic device to maintain
branch vessel perfusion.2 A pure endovascular solution
remains the goal so that the invasiveness of open surgery
may be minimized, without compromising the durability
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aortic branch vessels are variable and poorly studied, except
for small case series proving feasibility.3-13 Branched grafts
for the arch have recently been developed, and although
they are not commercially available in the United States,
they are in the early stages of use and so no long-term
data are available. Both custom fenestrated devices and
snorkel or chimney conﬁgurations have been described
for years, but the fate of the stented branches and the dura-
bility of either type of repair are unknown (Fig 1). Conse-
quently, we have scant evidence with which to formulate
management options. We sought to address this need by
evaluating our experience to determine the intermediate out-
comes with fenestrated/scallop and chimney conﬁgurations.
METHODS
Patients. All endovascular repairs involving the
thoracic aorta, irrespective of the indication, performed
between January 2004 and February 2013 were reviewed.
To be included in this report, an endovascular seal within
the aortic arch along with concomitant stenting of a
supra-aortic branch vessel was present. In each case, the
requisite rationale for branch stenting was the maintenance
of perfusion when a branch vessel was to be included in the
sealing/landing zone. It is our routine practice to perform
left carotidesubclavian bypasses at our institution when
Fig 1. Demonstration of chimney stent (A) and custom fenestrated graft (B) for use in proximal aortic disease.
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landing zone. For custom devices, patient information was
collected in a prospectively maintained database as part of a
physician-sponsored investigational device exemption
study, and written permission for the use of anonymized
data in a research setting was obtained at the time of sur-
gery (National Institutes of Health study number
NCT00583050). For patients with noncustom conﬁgura-
tions, the data were retrieved retrospectively from the
electronic medical record. This study was approved by the
Institutional Review Board at the Cleveland Clinic.
Repair. Branch stenting cases were considered custom
or noncustom, depending on the repair conﬁguration.
Custom repairs were those in which preoperative recogni-
tion of a suboptimal proximal sealing zone allowed the
design of a manufactured custom device (Cook Medical
Inc, Perth, Australia), which incorporated a scallop or
fenestration for one or more supra-aortic trunks. Because
of the manufacturing delay, such devices are not an option
for emergent patient care. Noncustom repairs included
those in which a branch vessel was incorporated with a
commercially available stent placed parallel to a standard
thoracic device, by a “chimney” or “snorkel” technique,
but for which the acuity of the clinical presentation did not
allow time for design of a fenestrated device.
The intraoperative protocol, including use of heparin,
instillation of preoperative spinal drains, choice of stents,
and decision to perform adjunct procedures, as well as
postoperative care and follow-up was at the discretion of
the treating surgeon.
Device. All fenestrated/scallop stent designs (customs
stent grafts) were based on the Zenith platform (Cook Med-
ical Inc, Bloomington, Ind) and manufactured by the same
company. Chimney or snorkel (noncustom) repairs were
performed with thoracic stents from a variety of manufac-
turers on the basis of the surgeon’s preference. Stents used
in the branch vessels were standard “off- the-shelf” devices
and were considered covered or uncovered, depending
on the presence or absence of a fabric cover over the metal
skeleton. For noncustom conﬁgurations, choice of stentfor the branch vessel was at the discretion of the treating sur-
geon. All fenestrated devices used balloon-expandable stents
for mating with branch vessels.
Data collection. Demographics, risk factors, and acu-
ity of treatment (elective or emergency) were collected in
each case. The outcomes of interest included late freedom
from branch stent complications and freedom from prox-
imal endoleak. We also collected data describing perioper-
ative events, in-hospital mortality, and any subsequent
procedures or interventions.
Data analysis. Preoperative and postoperative
computed tomography (CT) scans were re-reviewed, and
data for imaging analysis were collected by one of the
authors (A.O.C.) for the purposes of this study. All CT
imaging was imported onto a three-dimensional worksta-
tion (TeraRecon, San Mateo, Calif) and a semiautomated
centerline of ﬂow created (adequacy of which was
conﬁrmed manually). The preoperative CT image was used
to calculate the length of the proximal landing zone,
deﬁned as the distance from the target vessel (to be sten-
ted) to the aneurysm/pathologic process, and the classiﬁ-
cation of proximal landing zone (as deﬁned by Ishimaru).14
The target vessel in the majority of cases was the left carotid
artery but also included the innominate and left subclavian.
Postoperative imaging was used to determine the endo-
vascular seal (absence of type Ia endoleak) and freedom
from stented branch vessel complications (occlusion, ste-
nosis, or migration).
The log-rank test (Mantel-Cox) was used to compare
survival data. Student t-test (two tailed) and Fisher exact
test (two tailed) were used for continuous and categorical
data, respectively.
RESULTS
Of 767 patients who underwent any form of thoracic
endovascular repair from January 2004 to February 2013
at our institution, only 33 patients met the inclusion criteria
(4%): 18 of 33 noncustomand 15of 33 customgraft designs.
Mean follow-up in the custom and noncustom groups was
13.5 (min-max, 1-50) and 22.2 (min-max, 1-85) months,
Table I. Demographics of patients in custom and
noncustom groups
Custom
(n ¼ 15) (45)
Noncustom
(n ¼ 18) (55) P value
Timing of repair
Elective 15 (100) 11 (61) .009
Emergency 0 (0) 7 (39)
Indication
Aneurysm 15 (100) 11 (61) .009
Dissection 0 (0) 6 (33)
Trauma 0 (0) 1 (6)
Branch vessel stented
Carotid 14 (93) 16 (89) 1
Innominate 1 (7) 1 (6)
Subclavian 0 (0) 1 (6)
Sex
Male 6 (40) 12 (67) .17
Female 9 (60) 6 (33)
Mean age (SD), years 69.6 (17.4) 62.9 (21.1) .33
Risk factors
Smoking 8 (53) 15 (83) .13
Coronary artery disease 9 (60) 6 (33) .17
Renal impairment 5 (33) 4 (22) .69
Chronic obstructive
pulmonary disease
3 (20) 5 (28) .69
Hypertension 12 (80) 16 (89) .64
Hyperlipidemia 8 (53) 12 (67) .49
Preoperative medications
Beta blocker 11 (73) 9 (50) .28
Antiplatelet 10 (67) 8 (44) .29
Statin 9 (60) 8 (44) .49
Mean proximal sealing zone (SD) (Ishimaru)
0 1 (6.7) 1 (5.6) 1
1 13 (86.7) 16 (88.9) 1
2 1 (6.7) 1 (5.6) 1
3 0 (0) 0 (0) 1
Mean length of seal
(SD), mm
11.3 (3.8) 23.9 (7.9) <.001
Preoperative debranching 14 (93) 10 (55) .02
Branch stent
Covered 10 (67) 8 (44) .16
SD, Standard deviation.
Data are presented as number (%) unless otherwise indicated.
Table II. Complications after supra-aortic branch
stenting
Custom
(n ¼ 15),
No. (%) (100)
Noncustom
(n ¼ 18),
No. (%) (100) P value
In-hospital mortality 1 (7) 3 (18) .61
Neurologic
Spinal cord ischemia 1 (7) 1 (6) 1
Cerebrovascular
accident
1 (7) 1 (6) 1
Cardiac 0 (0) 5 (28) .049
Pulmonary 4 (26) 4 (22) 1
Renal 1 (7) 5 (28) .19
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cular risk factors and preoperative medical management
but differ signiﬁcantly from the standpoints of landing
zone anatomy and indications for treatment (Table I).
Overall, 39% (seven of 18) of the noncustom repairs were
emergencies, whereas all (15 of 15) custom repairs were
performed in a nonurgent setting. There was a signiﬁcant
difference in proximal sealing zone length between custom
and noncustom: 12 and 24 mm, respectively (P ¼ .05).
Technical success is deﬁned as absence of type Ia endo-
leak and branch stent patency at the termination of the
procedure. Overall, the rate of technical success was 97%;
the single failure occurred in the custom group, in which
there was an intention to stent the left subclavian, but because
of a persistent type Ia endoleak, the sealing zonewas extended
proximally to abut the left carotid ostium, and the subclavian
was embolized without any clinical consequences.
Details of postoperative complications are summarized
in Table II. In the custom group, there were fourrespiratory complications, one renal complication, one sur-
gical site infection, one conversion to open repair, and one
death. The respiratory morbidities comprised two cases of
pneumonia (both successfully treated with antibiotics),
one case necessitating reintubation secondary to respiratory
secretions, and one tracheostomy performed secondary to
prolonged ventilator dependence. This patient also suffered
toxic megacolon secondary to Clostridium difﬁcile colitis
and underwent a colectomy on the same admission. The
single renal impairment consisted of a transient elevation
in creatinine concentration. The surgical site infection con-
sisted of a skin infection, after carotid-subclavian bypass,
that settled with antibiotics alone. One patient had a retro-
grade dissection on postoperative day 4 requiring open
conversion. There was a single mortality in this group,
occurring in a patient who suffered a middle cerebral artery
occlusion after stenting, which is further discussed later.
In the noncustom group, there were two neurologic
complications, ﬁve cardiac complications, four respiratory
complications, and three deaths. Cardiac complications
included three arrhythmias, one incident of heart failure
requiring inotropes in a type B aortic dissection in a patient
who expired 1 day after operation from multiorgan failure,
and one myocardial infarction. Respiratory complications
consisted of three patients who had respiratory failure,
necessitating reintubation or tracheostomy, and one patient
with pneumonia. Renal complications were three patients
with acute renal failure requiring dialysis and two transient
elevations in creatinine concentration. The three deaths
consisted of two cases of multiorgan failure (one after
dissection, as described before, and one after development
of retroperitoneal hematoma and subsequent abdominal
compartment syndrome) and one patient who died of
loss of brain stem function after bilateral cerebellar stroke.
Postoperative neurologic complications are summa-
rized in Table II and are deﬁned as new onset and attribut-
able to decreased spinal cord perfusion (exclusion of
thoracic spinal collaterals or left vertebral compromise) or
cerebral emboli. With regard to preoperative debranching,
left carotidesubclavian bypass was performed in 93% of
patients (14 of 15) in the custom group and in 55%
(10 of 18) in the noncustom group. One of the noncustom
group patients underwent a right-to-left carotid bypass
Fig 2. Supra-aortic branch stent patency. Fig 3. Freedom from type Ia endoleak.
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seal in Ishimaru zone 0. The higher proportion of emer-
gency repairs in the noncustom group may explain this
difference. Overall, there were four postoperative neuro-
logic complications, two cases of spinal cord ischemia and
two ischemic cerebrovascular accidents; both patients
expired within 30 days.
The ﬁrst spinal ischemia case occurred in a patient un-
dergoing emergency treatment of a type B dissection, with
a noncustom graft, and resulted in complete paralysis.
Owing to the patient’s acuity, there was insufﬁcient time
to perform a preoperative subclavian bypass; however, the
patient did have revascularization performed postopera-
tively on recognition of the deﬁcit, with no improvement
in spinal function. The second patient had a custom repair
of a thoracic and left subclavian aneurysm, involving
a carotid scallop and a preoperative carotid-subclavian
bypass. Lower limb weakness developed after removal of
the spinal drain and recovered after reinsertion of the drain.
The two perioperative cerebrovascular accidents con-
sisted of bilateral cerebellar ischemia in a patient undergo-
ing emergency treatment of a symptomatic arch aneurysm
(with a noncustom stent) and an embolic middle cerebral
occlusion after stenting in a patient in the custom group.
Both patients died during admission.
The freedom from branch stent occlusion or migration
during the follow-up period is depicted in Fig 2. There
were four branch stent-related problems, one of 15 (7%)
in the custom group and three of 18 (17%) in the noncus-
tom group. The single failure in the custom group was
intentional exclusion of the subclavian artery performed
intraoperatively because of a type Ia endoleak as described
earlier. For the three stent-related problems in the noncus-
tom group, one patient received no further intervention
and the remaining two patients underwent one secondary
intervention each: carotid endarterectomy and retrieval of
a migrated carotid stent causing impairment of internal ca-
rotid ﬂow at 22 months, and angioplasty and stenting of a
fractured carotid stent at 7 years. Overall, there was a trend
toward superior patency over time in the custom group,
but these differences did not reach statistical signiﬁcance.A higher proportion of covered stents were used in the
custom patients.
Freedom from type Ia endoleak development is shown
in Fig 3. There were three proximal sealing failures: one of
15 (7%) in the custom group and two of 18 (11%) in the
noncustom group. One patient in the custom group suf-
fered exclusion failure after 3 months, necessitating suc-
cessful open repair. Of the two failures in the noncustom
group, one was diagnosed at 4 years and was not inter-
vened on, given the slow rate of growth; the second
occurred in a patient who underwent emergency repair in-
clusive of chimney stenting of an innominate artery (with
preoperative debranching). This second patient developed
bilateral cerebellar infarcts and expired in the hospital.
Perioperative secondary interventions. Because of
the impact that additional procedures have on the periop-
erative course, we include detailed descriptions of those
performed while patients remained in the hospital. All sec-
ondary interventions are described in Table III. Six patients
underwent secondary procedures during the initial admis-
sion: three of 15 (20%) in the custom group and three of
18 (17%) in the noncustom group. The custom group
interventions comprised retrograde dissection at day 4
necessitating successful open repair, thrombolysis of
occluded middle cerebral artery on day 0 (as described
earlier), and subtotal colectomy on postoperative day 8 due
to pseudomembranous colitiseinduced toxic megacolon.
The noncustom group interventions comprised decom-
pressive laparotomy and subtotal colectomy secondary to
compartment syndrome and ischemic bowel in a dissection
patient, exploratory laparotomy and repeated packing of the
oropharynx and retroperitoneum in a dissection patient
because of coagulopathy-induced hemorrhage, and coiling
of a type II endoleak from a covered left subclavian at day 3.
Late events and interventions. After discharge, in the
custom group, one patient had a cerebrovascular accident
at home and was lost to follow-up, one patient suffered
cardiopulmonary arrest at 1 month, and one patient
required open conversion to arch repair at 6 months
because of a proximal endoleak. The patient described
earlier who underwent a subtotal colectomy because of
Table III. Reinterventions after initial procedure
Indication for
endovascular stent
Elective or
emergency
Proximal
landing zone Secondary intervention
Interval after
initial surgery Outcome
Custom group
Aneurysm Elective 1 Open ascending aorta repair to
treat type Ia endoleak
6 months Successful
Aneurysm Elective 1 Left middle cerebral artery
thrombolysis and attempted
mechanical recanalization
after embolic occlusion
Same day Unsuccessful (expired in
hospital)
Aneurysm Elective 1 Open ascending aorta repair due
to retrograde dissection
Day 4 Successful
Aneurysm Elective 1 Subtotal colectomy
Abdominal pain and dilated
colon
Clostridium difﬁcile culture
positive
Day 8 Discharged to rehabilitation
facility 31 days after
endovascular stenting
Noncustom group
Aneurysm Elective 1 Left external iliac artery stenting
and common femoral artery
endarterectomy due to
dissection
5 months Successful
Dissection (B) Emergency 1 Subtotal colectomy due to
ischemic bowel
Same day Recovery complicated by
multiorgan failure
Discharged to skilled nursing
facility 2 months after
admission
Dissection (B) Emergency 1 Amplatz plug occlusion of
expanding false lumen
Carotid endarterectomy and
removal of migrated stent
5 months
21 months
Successful
Successful
Aneurysm Elective 1 Repeated packing of oropharynx
and retroperitoneum because
of oozing
Same admission Expired in hospital 24 days after
admission
Aneurysm Elective 1 Coiling of left subclavian due to
type II endoleak
Day 3 Successful
Aneurysm Emergency 1 Restenting of fractured left
carotid stent
7 years Successful
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eventually expiring 1 month after discharge to a rehabili-
tation facility. One additional patient who traveled from
overseas for repair did not return for follow-up, and we
have no data on outcomes after the successful discharge. In
the noncustom group, one patient required an iliac an-
gioplasty because of iliac disease at 5 months, and one
patient had expansion of the false lumen requiring insertion
of an endovascular occlusion device into the false lumen to
arrest ﬂow at 5 months. This unconventional option was
chosen because of the patient’s religious decision to refuse
blood products, making him unsuited to open conversion.
This patient also underwent removal of a migrated carotid
stent at 21 months. One additional patient had a successful
restenting of a fractured carotid stent at 7 years.
DISCUSSION
Open surgery remains the “gold standard” for treat-
ment of aneurysmal disease in the arch and proximal
descending thoracic aorta when supra-aortic trunks are
involved. Hybrid approaches that involve surgical arch
debranching to facilitate an endovascular seal are anacceptable alternative but may not be suited to emer-
gency situations or high-risk populations. Totally endo-
vascular solutions are therefore attractive and a
necessary extension of this technology, but they have un-
known long-term outcomes because they are underre-
ported in the literature. We provide a review of a
single-center experience of endovascular repair with
two different techniques, custom fenestrated grafts and
noncustom chimney devices, to describe a contemporary
cohort of patients with late follow-up. We have found a
trend toward improved branch stent durability in patients
undergoing custom repair, but both techniques appear to
put patients at risk for perioperative and short-term
neurologic complications and retrograde dissection; two
of 33 patients suffered neurologic events attributable to
thromboembolic disease, and three of 33 patients
required conversion to open repair within the ﬁrst
6 months. Thus, we believe that neither technique
adequately treats disease of the distal arch, and we have
abandoned the use of custom fenestrations in this terri-
tory. Alternative solutions, like branched endografts,
should be explored.
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custom (main body devices designed to incorporate a
branch, scallop, or fenestration for branch perfusion) and
noncustom (use of ancillary, chimney, stents alongside a
standard main body to maintain ﬂow) devices. Owing to
regulatory constraints and manufacturing delay, custom
devices are of restricted availability, and consequently there
is a greater breadth of experience with chimney and snorkel
conﬁgurations. Of the published reports of endovascular
aortic repair incorporating the supra-aortic branch vessels,
Murphy et al12 described their experience that included
nine fenestrated endografts and four chimneys. The fenes-
trations in this series were “homemade” and were techni-
cally successful in all but one case, in which it was not
possible to obtain wire access across a left subclavian artery
fenestration created in situ. In terms of the outcome mea-
sures of proximal endoleak and stroke, no difference was
evident between revascularization measures, as elucidated
in our series. Overall, the rate of complications reﬂects
the high burden of emergency repairs in these series with
associated incidence of comorbidities and hostile anatomy.
Iida et al13 reported their experience with 19 patients who
had homemade fenestrated endografts to facilitate sealing
in endovascular zone 0. Short-term results revealed one
case of postoperative spinal ischemia and one case of cere-
bral infarction (developing after 2 months, following the
formation of an anastomotic pseudoaneurysm). Thus, the
available evidence attests to the feasibility of these tech-
niques in the arch vasculature, but the small numbers, het-
erogeneous populations, and truncated follow-up make
data extrapolation difﬁcult. We are concerned about a
trend of neurologic outcomes in both short- and
medium-term descriptions of both custom and noncustom
techniques. There is a growing body of literature reporting
on chimney use in the visceral aorta, again with short-term
success.15 However, concerns persist as to the durability of
these devices and their ability to reliably exclude the path-
ologic process, at least in the medium term. Cumulative
experience with custom devices is also more extensive in
the visceral aorta, initially used in the treatment of juxtare-
nal disease and later to include all of the subdiaphragmatic
branches where necessary. We think it is inappropriate to
extrapolate the durability results reported for the visceral
aorta to those in the arch because of the very different
anatomic considerations between the two territories. The
challenges posed by arch curvature and the implicit mate-
rial stresses mandate careful consideration.
The results reported are unique in terms of both the
number treated and our experience with and ability to
contrast the two dominant treatment options. In inter-
preting these results, it is essential to remain cognizant
of the difference between the groups with respect to the
indications for intervention (aneurysm vs dissection),
timing of the operation (elective vs emergent), and length
of the aortic neck. The custom group was uniformly
composed of elective aneurysm repairs but suffered the
disadvantage of a signiﬁcantly shorter landing zone. In
parallel with other reports, our follow-up is relativelyshort. Nonetheless, we can draw some conclusions from
the available evidence.
Both procedures were technically successful, but the
limited data we have regarding follow-up suggest that
trends for poor durability and neurologic outcomes may
occur despite technical success; thus, reports of good
short-term outcomes in the literature do not provide reas-
surance in the durability of either technique. The associated
procedural complications are obviously of concern to clini-
cians hesitant to intervene on the arch vasculature to mini-
mize neurovascular morbidity. Two of the 33 patients
suffered neurologic events attributable to thromboembolic
disease, and three of the 33 patients required conversion to
open repair within the ﬁrst 6 months. With regard to the
noncustom endovascular solution, it may have a role to
play currently in emergency or bailout situations, but this
may not provide a durable repair. Our series used a variety
of main body devices from different commercial manufac-
turers. This along with our relatively small patient numbers
made it difﬁcult to detect any differences based on stent
design. The challenges posed by two stents sealing in par-
allel are discussed; however, we think that there is insufﬁ-
cient evidence currently to recommend one main body
design over another once sufﬁcient radial force is available
to provide a seal.
Series such as these are noncontrolled and are open to
interpretation. We are concerned that fenestrations may
not be the ideal method for custom incorporation of
supra-aortic trunks because of the technical challenge at
implantation and a concerning trend of poor durability
and neurologic outcomes, a challenge overcome by the
more recent branch technology. The implicit delay in
tailoring of these devices understandably limits their appli-
cability, and therefore further evaluation of this technology
is warranted. Despite the feasibility and short-term success
we have experienced with noncustom conﬁgurations, we
have concerns pertaining to their longevity as well, in terms
of both maintenance of an endovascular seal and continued
branch vessel perfusion. Intravascular stent grafts are engi-
neered to withstand pulsatile ﬂow stress and to maintain
structural integrity while subject to the extrinsic forces of
the vessel wall.16,17 What effect noncustom designs will
have on device integrity is unknown. However, we can hy-
pothesize that such conﬁgurations may lead to asymmetric
force distribution, potentially contributing to fractures and
stent failure.18 Additional demands are placed by aortic tor-
tuosity, particularly when there is a need to seal within the
aortic arch.
CONCLUSIONS
Our experience with endovascular treatment of aortic
arch disease reveals technical feasibility, with perhaps better
durability of branch stents in custom fenestrations
compared with noncustom chimneys. Chimney grafts
have provided an acceptable solution in emergency situa-
tions not amenable to hybrid or open repair. In both cases,
however, the durability and late outcomes remain concern-
ing, and an alternative option is needed.
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